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ABSTRACT 
Space pa r t i cu la t e  radiat ion from the  Van Allen b e l t s ,  so l a r  f l a r e s ,  ga l ac t i c  
cosiiiic, i i ~ ~ d  ma-iidz sources h z ~ e  ~ e r g i e s  ~(nd  fliru_es w h i c h  are cagabie of 
producing damage i n  space mission payloads. 
Hampton, Virginia, has i n i t i a t e d  the  construction of a ground based Space 
Radiation Effec ts  Laboratory which simulates most of the space pa r t i cu ia t e  energy 
spectrum and which can be used i n  a radiat ion research program f o r  minimizing o r  
eliminating deleter ious radiat ion e f fec ts .  A 600-Mev proton synchrocyclotron of 
var iable  energy and electron accelerators  from 1 t o  10 MeV will be included i n  
the  laboratory f o r  accelerated tes t ing .  
r e f l e c t  the  latest  advances i n  the  s t a t e  of the art  as it per ta ins  t o  the engi- 
neering and basic experimental requirements i n  f l e x i b i l i t y ,  rad ia t ion  background 
leve ls ,  shielding, and i so la t ion .  The laboratory operational plan permits th ree  
Virginia i n s t i t u t i o n s  of higher learning t o  cooperate with the  Langley Research 
Center i n  carrying out radiat ion programs. 
NASA - Langley Research Center, 
The plan of the proposed t e s t  m e a s  
NASA FACILITY FOR THE STUDY OF SPACE RADIATION EFFECTS 
By David R. Johnson* 
NASA Langley Research Center 
INTRODUCTION 
The Langley Research Center of NASA, because of i t s  programs invol ing th 3 
exploration of space, has a spec ia l  i n t e r e s t  i n  t h e  space environment insofar  as 
it influences t h e  design of space vehicle  systems. lnciuded i n  the many hos t i le  
aspects of t h e  space environment i s  the  par t icu la te  rad ia t ion  associated with 
cosmic rays, s v i a r  flares, ar;2 that trz;ped ir. the  e c t h ' s  magnetic f ie lds .  
Early i n  1960, Langley Research Center personnel i n i t i a t e d  study and experimental 
programs, u t i l i z i n g  l imited time i n  ex is t ing  United S ta tes  acce lera tor  f a c i l i -  
ties, t o  assess t h e  e f f ec t s  of t h i s  environment on space systems. 
growth of t h i s  e f f o r t  a Space Radiation Effects Laboratory (SREL) i s  now being 
constructed. Various aspects of t h i s  laboratory w i l l  be covered by t h i s  paper. 
The laboratory w i l l  simulate a la rge  port ion of t h e  pa r t i cu la t e  space rad ia t ion  
environment and thus provide a means f o r  running space rad ia t ion  experiments 
under control led conditions. 
A s  an out- 
SUMMARY OF THE SPACE PARTICULATE RADIATION 
A b r i e f  summary of our knowledge of f l u x  and energy l e v e l  of pa r t i cu la t e  
rad ia t ion  i n  space i s  given i n  t a b l e  I.1,2 
TABLE: I.- SlJMMlW OF THE PROTON AND ELECTRON SPACE RADIATION 
TRAF'PED PROTON SUMMARY 
Low energy High energy 
120 Kev < E < 4.3 Mev 30 Mev < E < TOO M e V  
FLIX = 10 8 p/cmZ/sec ~ 1 -  = 2 - 4 x 10 4 p/cm*/sec 
In t ens i ty  can vary by a f a c t o r  of 2 t o  3 with s o l a r  a c t i v i t y .  
* 
Aerospace Technologist. 
L-3493 
SOLAR FLARE PROTON SUMMARY 
Low energy 
E < 40 Mev 
F ~ W  = 105 - 10 p/cm*/sec 6 
High energx 
40 Mev < E < 10 Bev 
F ~ U  = 104 - 105 p/cm*/sec 
TRAPPED ELECTRON SUMMARY 
Low energy High energy 
110 Kev < E < 1.6 Mev 1.6 Mev < E < 5 Mev 
F ~ U  < 105 e/cmp/sec F ~ U X  < 10 8 e/cm*/sec 
E > 10 Kev 
F ~ U  = 109 e/cm2/sec 
E > 5 Mev 
F ~ U  < 103 e/cmz/sec 
Flux can vary by a f ac to r  of 50 t o  100 with so l a r  ac t iv i ty .  
The data f o r  t a b l e  I were obtained i n  space f l i g h t  through Explorer XII. 
The high-energy protons a re  generally encountered i n  t h e  inner  radiat ion region 
at about 10,000 kilometers from the  e a r t h ' s  center whereas t h e  low-energy protons 
a re  found between 20,000 and 30,000 kilometers. 
The maximum in t eg ra l  energy f l u x  of t h e  so l a r  f l a r e s  var ies  between lo5 
t o  10 6 protons/cm*/sec with energies ranging from Kev's t o  about 10 Bev. By 
far, t h e  largest  number of these protons have energies l e s s  than 1 Bev. 
The natural  trapped electrons have t h e i r  highest  i n t e n s i t i e s  a t  about 
16,000 t o  27,000 kilometers as measured from t h e  ea r th ' s  center. 
of t h e  manmade b e l t  caused by a high-al t i tude nuclear detonation i n  1962 have 
been geographically located3 i n  the  posi t ion shown i n  f igu re  1. The natural ly  
trapped protons and electrons of  t he  radiat ion b e l t s  a r e  a l so  shown. The energies 
of both the manmade and natural ly  occurring electrons extend from a few Kev t o  
l e s s  than 10 MeV. 
The electrons 
SEUCTION OF THE ACCELERATORS 
The a rch i t ec t ' s  rendering of t h e  Space Radiation Effects  Laboratory i s  
i l l u s t r a t e d  i n  f igure  2. 
t he  labs  and controls and a l a rge r  experimental building i n  t h e  rear. 
research t o o l s  associated with the  laboratory a re  th ree  p a r t i c l e  accelerators .  
These a re  housed i n  t h e  experimental building. 
It shows a support building i n  t h e  f ron t  which includes 
The major 
2 
I n  se lec t ing  t h e  accelerators  f o r  t he  laboratory two primary objectives 
had t o  be sa t i s f i ed :  
start of construction and (b )  they should simulate as much of t h e  energy spectra  
as possible with suf f ic ien t  i n t e n s i t i e s  f o r  accelerated t e s t  programs. 
(a) they should be operational i n  less than 3 years from 
An analysis  of t h e  pa r t i cu la t e  space radiat ion environment indicated t h a t  
ground simulation of a la rge  port ion of t h i s  environment could be accomplished 
with a proton accelerator  with a m a x i m u m  energy of l e s s  than 1 Bev and with an 
electron accelerator  w i t h  a maxinuii energy of zpproximately 10 MeV. 
His tor ical ly ,  it has taken from 4 t o  8 years t o  design and put i n t o  operation 
proton accelerators  i n  t h e  hundreds of Mev range.' TierePore, from thz c ~ t s e t  it 
w a s  rea l ized  t h a t  an ex is t ing  accelerator  would have t o  be copied as closely as 
possibie  t o  meet t h e  e o n s t ~ x t i c n  schedd .~ .  Basically, there  were three  types of 
highly developed proton accelerators  considered f o r  t he  laboratory, %he fixed- 
frequency cyclotrons, t he  frequency-modulated cyclotrons or synchrocyclotrons, 
and t h e  a l te rna t ing  gradient synchrotrons. The fixed-frequency cyclotrons were 
eliminated because the  maximum a t ta inable  energy f o r  t h i s  type i s  approximately 
20 Mev and t h e  synchrotrons were eliminated because t h e i r  external  beam fiwc w a s  
i n su f f i c i en t  f o r  accelerated space simulation s tudies .  The synchrocyclotron 
w a s  chosen and considerations of downtime and overa l l  proven r e l i a b i l i t y  were 
addi t ional  f ac to r s  i n  i t s  favor. 
There are four  synchrocyclotrons i n  t h e  world with energies of about 
600 Mev or greater .  
not considered. The others a re  the  73O-Mev machine at Berkeley, California,  and 
t h e  600-Mev machine a t  CERN, Geneva, Switzerland. O f  these two t h e  CERN machine 
w a s  chosen as being more applicable.  The CERN machine w a s  designed from i t s  
concept f o r  i t s  s t a t ed  energy and incorporated the  most advanced accelerator  
design concepts of t h e  day. 
Two of these a re  located behind the  i ron  cur ta in  and were 
I n  order t o  cover the  electron spectra  two accelerators  were required. 
Various companies i n  t h i s  country had manufactured machines which were more than 
adequate f o r  t h e  contemplated research programs. These requirements w i l l  be 
s a t i s f i e d  by a Dynamitron with an energy range of about 0.5 Mev t o  3 Mev and a 
Linac with an energy range of about 3 Mev t o  10 MeV. 
has provisions f o r  extending i t s  range t o  30 Mev i f  desired a t  a l a t e r  date .  
The higher energy machine 
ACCELERATOR CHARACTERISTICS 
Synchrocyclotron 
Figure 3 i s  a photograph of t h e  600-Mev synchrocyclotron at CERN near 
Geneva, Switzerland and i s  t h e  bas i s  of t h e  proton accelerator  f o r  SREL. 
magnet weighs 2,500 tons and is  36 f e e t  wide, 21.3 f e e t  deep, and 20 f e e t  
high.5 The magnet gap var ies  from 17.7 inches a t  t h e  center t o  14.7 inches a t  
t h e  outer  edge. The beam i s  extracted from the  horizontal  center l i n e  of t h e  
gap which i s  4 .1  feet from t h e  f loor .  The c o i l s  a r e  made of water-cooled a h -  
minum and when energized require approximately 1,500 kva of e l e c t r i c a l  power. 
They a r e  about 23 feet  i n  diameter and w e i g h  60 tons each. 
The 
The upper c o i l  
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can be seen i n  f igure  3 .  A c o i l  assembly i s  constructed of nine "pancakes" 
assembled i n  a coil-former and connected i n  s e r i e s  e l ec t r i ca l ly .  
consists of two layers  of hollow rectangular conductors s p i r a l l y  wound from 
one continuous extrusion. The magnetic f i e l d  has a f lux  density of about 
20,000 gauss . 
A "pancake" 
The radio-frequency system, on which the  r e l i a b i l i t y  of t h e  whole synchro- 
cyclotron depends, can be regarded as a coaxial  transmission l i n e  as shown i n  
f igure  4. 
Dee, i s  a t  ground poten t ia l .  A water-cooled tuning-fork modulator i s  used t o  
vary the  capacitance of t h e  osc i l l a to r .  
29 and 16.5 megacycles at 55 cps with Dee voltages varying from 6 t o  25 ki lovol t s .  
The tuning fork i s  t h e  unique fea ture  of t h e  r-f system and t h e  prongs o r  blades, 
which i s  more descriptive,  are approximately 80 inches wide and from t h e  closed 
t o  open posi t ion vary t h e  modulator capacitance by a f ac to r  of 10. 
The outer  conductor cf the  transmission l ine ,  which includes t h e  d m y  
It modulates t h e  r-f frequency between 
The vacuum i n  t h e  accelerat ing chamber, which i s  about t o r r ,  i s  main- 
ta ined by two roughing and two 32-inch o i l  d i f fus ion  pumps. 
The ion source, which introduces t h e  protons i n t o  t h e  center of t h e  acceler-  
a t ing  chamber, i s  a cold cathode type; it receives a 1,000-volt d-c pulse at  t h e  
repe t i t ion  frequency of t h e  r-f system. 
The in t e rna l  beam current of t he  synchrocyclotron i s  approximately 0.3 micro- 
amp but with an extract ion eff ic iency of 6 percent t h e  external  beam i s  reduced 
t o  0.018 microamp o r  approximately protons per  second. 
Figure 5 i s  a plan view of t he  cyclotron showing t h e  r e l a t i v e  pos i t ion  of 
t h e  r-f system, t h e  vacuum tank, t he  Dees, t h e  ion source, t h e  proton extract ion 
system, and t h e  in t e rna l  t a rge t  arrangement. The eight  f l i p  t a r g e t s  noted are 
used t o  produce neutrons of d i f fe ren t  energies. 
t o  produce mesons. 
The universal  t a r g e t  i s  used 
Dynamit ron 
The Dynamitron w i l l  be capable of accelerat ing electrons with energies 
from 0.5 t o  3 MeV with a var iable  external  beam current from 1 microamp t o  
10 milliamps. 
controll ing t h e  external  beam pat te rn  t o  a maximum of 2 inches wide and 
24 inches high. 
long, weighs 20,000 pounds, and requires 160 kva of e l e c t r i c a l  power. 
tank maintained at 10-5 t o r r  houses t h e  cascaded r e c t i f i e r  accelerat ing 
mechanism. 
A magnetic scanning Eystem will be provided t h a t  i s  capable of 
The Dynamitron i s  approximately 7 f e e t  i n  diameter, 20 feet  
A l a rge  
Linac 
The Linac shown i n  f igure  6 i s  a t rave l ing  wave l i n e a r  e lectron accelerator  
with an energy range from 2 t o  10 MeV. 
of 1 m i l l i a m p  at 7 Mev and var ies  l i n e a r l y  down t o  about 0.4 milliamp at  3 Mev 
and 10 MeV. 
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The average d-c beam current i s  a m a x i m u m  
The beam pulse length w i l l  vary continuously from 0.1 t o  
6 microseconds and stepwise t o  a pulse length of 0.01 microsecond. The 
0.01 microsecond pulse w i l l  have a rise time of 5 nanoseconds, a duration of 
10 nanoseconds, and a decay time of  5 nanoseconds. 
quency w i l l  be continuously vari.able from 1 t o  720 pulses per  second. 
pulse operation w i l l  a l s o  be available.  
L-band klystron amplifier t o  provide the  microwave energy f o r  t h e  waveguide. 
The Linac requires  about 200 kva of e l e c t r i c a l  power. 
The pulse r epe t i t i on  f r e -  
Single- 
The radio-frequency system uses an 
PLAN OF THE SPACE RADIATION EFFECTS LABORATORY 
Figure 7 i s  a plan view of SREL showing the experimental building and the  
f i rs t  f l o o r  o f  t he  support building. 
contains the  control and readout rooms as well as o f f i ce  and shop space f o r  t he  
operating staff. The second f l o o r  contains the o f f i c e  and laboratory space 
required t o  support t h e  researchers using the  accelerators .  The right-hand wing 
of t h e  su?port h i l d i n g  houses the building u t i l i t i e s  and t h e  auxi l ia ry  mechan- 
i c a l  and e l e c t r i c a l  equipment associated with the  accelerators .  The t o t a l  f l o o r  
a rea  of the  support building i s  approximately 21,000 square f e e t .  
The f i r s t  f l ~ r  zf t h e  s q g o r t  building 
The experimental building contains the  setup area, two large t a r g e t  areas, 
a magnet ha l l ,  t he  proton accelerator  cave, the two e lec t ron  accelerator  caves, 
and i s  characterized by t h e  massive concrete shielding surrounding these spaces. 
The concrete shielding var ies  i n  thickness f r o m  7 t o  24 f e e t .  
shown crosshatched i s  made from movable blocks t o  provide f l e x i b i l i t y  i n  t a rge t  
a rea  arrangements. The shielding w i l l  permit personnel t o  be i n  one experiment 
setup area while i r r ad ia t ion  i s  i n  progress i n  t he  adjacent area. 
The shielding 
The engineering appl icat ion requirements f o r  SmL resul ted  i n  two unique 
fea tures  not normally found i n  cyclotron f a c i l i t i e s .  One i s  t h e  requirement of 
var iable  energy t o  p a r t i a l l y  simulate the  space proton spectra  and the  other i s  
the  requirement t o  irradiate l a rge r  than normal t a r g e t s .  I n  addi t ion t o  the  
600-Mev external  beam, t h e  design of a lower energy beam extract ion system w i l l  
be attempted. If successful, a primary 180-Mev external  beam with a f lux of a t  
l e a s t  
a t tenuate  the  primary beams from 600 t o  200 Mev and from 180 Mev down t o  about 
70 Mev. Beam f luxes of a t  l e a s t  lo1' protons per  second w i l l  be avai lable  a t  
t h e  t a rge t .  
beam area  of 15 cm2 t o  900 cm2 at  the  t a rge t  plane. The proton beam handling 
system required t o  t ransport  t he  beam from the synchrocyclotron t o  t h e  t a rge t  
areas u t i l i z e s  a s e r i e s  of quadrupole focusing magnets, bending magnets, and 
coll imators.  
power. 
protons per  second w i l l  be available. Absorbers w i l l  be used t o  
A magnetic beam spreading system w i l l  permit a continuously var iable  
The system w i l l  require approximately 2,000 kva of e l e c t r i c a l  
The beam handling system f o r  t he  electron accelerators  w i l l  permit t a rge t  
e lec t ron  i r r a d i a t i o n  i n  t h e  cave with the  accelerators o r  w i l l  t ransport  the  
beam t o  a nearby t a rge t  a rea  where experiments w i l l  be conducted using combined 
e lec t ron  and proton beams. 
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A mobile evacuated t a rge t  chamber will be provided which w i l l  be a r igh t  
c i r cu la r  cylinder 5 f e e t  i n  diameter by 3 f ee t  high with a vacuum capabi l i ty  of 
10-9 t o r r .  
temperature can be studied. 
I n  t h i s  chamber t h e  combined ef fec ts  of radiation, pressure, and 
Figure 8 i s  a sect ion view of t h e  experimental building through t h e  cyclotron 
cave. It shows the  headroom f o r  t h e  crane and the  u t i l i t y  tunnel.  Deta i l s  of 
t h e  overhead shielding i n  t h e  cyclotron cave a re  pictured. Overhead shielding 
w i l l  be required f o r  a l l  shielded areas t o  minimize the  background rad ia t ion  i n  
t h e  target  areas as well  as t o  provide protect ion f o r  personnel i n  o ther  building 
areas.  
The experimental building will be designed with provisions t o  enable t h e  
addi t ion of fu ture  t a r g e t  areas adjacent t o  t h e  magnet h a l l  and t h e  cyclotron 
cave t o  fully exploi t  t h e  capabi l i t i es  of t h e  accelerators .  
PROPOSED USE OF SREL 
The success of  t h e  NASA space exploration programs depends t o  a grea t  extent 
on NASA's a b i l i t y  t o  determine the  e f f ec t s  of, and t h e  corrective measures 
required t o  minimize the  hazards of p a r t i c l e  radiat ion encountered i n  space 
f l i g h t s .  The technology gained from t h e  contemplated research programs f o r  t he  
Space Radiation Effects  Laboratory w i l l  make v i t a l  contributions toward solving 
these problems. O f  prime importance i s  t h e  f a c t  t h a t  months and years of space 
t r a v e l  can be simulated i n  t h e  f a c i l i t y  i n  hours and weeks. The e f f e c t s  of a 
wide range of energy and i n t e n s i t i e s  l eve l s  can be accurately determined. 
s i e n t  and permanent e f f ec t s  can be more eas i ly  separated. Proton and electron 
radiat ion e f f ec t s  i n  combination with o ther  space parameters, such as pressure 
and temperature, cam be investigated.  
upgrade the educational l e v e l  of people working i n  t h e  radiat ion f i e l d  and by 
doing so improve NASA's rate of progress i n  handling these problems. 
Tran- 
I n  addi t ion t h e  f a c i l i t y  w i l l  be used t o  
RESEARCH PROGRAMS 
A broad radiat ion e f f ec t s  program has been out l ined t o  study rad ia t ion  
e f f e c t s  on c r i t i c a l  items which comprise space vehicles.  
programs, some of which a re  already underway, are i n  t h e  following areas: 
materials f o r  r i g i d  and in f l a t ab le  vehicles; shielding including e l ec t ros t a t i c ,  
electromagnetic, and bulk methods; e lec t ronic  devices, assemblies, subassemblies 
and t h e i r  consti tuent materials; ablat ion and heat  balance coatings; physiolog- 
i c a l  instrumentation and l i f e  support systems; and rad ia t ion  sensors including 
design, development, t es t ing ,  and cal ibrat ion.  
The more prominent 
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OPERATION OF LABORATOFE 
The t en ta t ive  operational plan f o r  t he  SREL provides f o r  W i l l i a m  and Mary, 
t h e  University of Virginia, and Virginia Polytechnical I n s t i t u t e  organized as 
a partnership cal led The Virginia Associated Research Center (VARC), t o  supply 
t h e  operational staff f o r  SREL. 
w i l l  design research programs and construct the associated equipment. The VARC 
operational people w i l l  then i a  t u r n  co l lec t  the data as directed and re turn  it 
t o  t h e  experiment designer f o r  analysis and workup. The par t ic ipa t ing  univer- 
s i t i e s  of VARC w i l l  a l so  es tab l i sh  a basic  physics research program sponsored by 
government or in6ustiy- graiits, o r  self=ir , i t i&ed, Other i n s t i t u t i o n s  reqiiiring 
a f a c i l i t y  with high-energy capabi l i ty  f o r  basic research w i l l  dea l  d i r e c t l y  
with VARC. 
t ions ,  and bas ic  research phases associated with t h e  space environment. 
NASA Laboratories, government agencies, and industry under NASA contract w i l l  
deal  d i r e c t l y  with t h e  Langley Research Center. 
Both NASA and people from t h e  three  schools 
The Langley Research Center will conduct t h e  engineering, applica- 
Other 
With t h i s  plan it i s  hoped t h a t  many of the problems m w  associated with 
outer space radiat ion may be e i t h e r  minimized or eliminated. 
CONCLUDING REMARKS 
The Space Radiation Effects  Laboratory w i l l  be located i n  t h e  c i t y  of 
New-port News, Virginia on s t a t e  route 143 a few miles south of t h e  Pa t r ick  
Henry Ai rpo r t .  
a 100-acre s i te .  
vide a f a c i l i t y  t o  study t h e  e f f ec t s  of t h e  space radiat ion environment on space 
vehicle systems. 
dual function. 
increasing the  r e l i a b i l i t y  and safe ty  of spacecraft and missions. I n  t h e  other, 
it will provide our un ive r s i t i e s  and colleges with the  instruments by which they 
can conduct basic  research i n  high-energy physics as w e l l  as expanding t h e i r  
graduate program i n  t h i s  f i e l d .  Thus, by providing a f a c i l i t y  whereby both these 
endeavors can be conducted concurrently, two v i t a l  needs a re  simultaneously 
f u l f i l l e d .  
It w i l l  be about 10 miles from t h e  Langley Research Center on 
A s  previously s ta ted,  t h e  pr imary purpose of SREL i s  t o  pro- 
As  t h e  project  has now evolved, t h e  Laboratory w i l l  serve a 
I n  one capacity it w i l l  support an engineering program aimed a t  
7 
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Figure 2 .- Architects ' perspective rendering of the Space Radiation Effects Laboratory . 
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Figure 5. - Section, CERN 600-mev synchrocyclotron. NASA 
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